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Solar System Exploration
Campaigns and Cross-Cutting Programs
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Chemical Origins and Pre-Biotic Chemistry:
An Integrated Mission and Technology Program

2000 2002 2004 2006 2008

Advanced Deep Space System Development (CISM, RPS, Outer Planet Technology)
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Mars Exploration:
Integrated Mksion and Technology Program

2000 2002 2004 2006 2008

Advanced Deep Space System Development (CISM, RI%, Outer Planet Technology)
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JPL OUTER PLANETS EXPLORATION PROGRAM
high-yield science at the most dil’f’icult  destinations. . .

J3urona Orbiter
● Con!irm & characterize
possible subsurfwc  ocean.
● Focus (he search for

I

;T;*;
possible biologically- X“,’; .’..:,’ ‘‘ ;
relevant discoveries.
● Extreme propulsion and

Pluto-Kuipcr Express
. Complc[e our reconnaissance of the
Sun’s planets.
. Characterize Pluto/Chuon,

xpcc[ >= I Kuipcr Disk Objec[
encounter.
. Survey remnant bodies in region
from which Earth’s volatiles  may
have come.
. Extreme distance and long lifetime.

radiation demands. II h, + ~ ● Pluto headed awa~’ from fun
Jupiter Deep Probes II 11

. . J . . . . .
● Explore the nature and dynamics of
Jupiter’s atmosphere to depths where

- .

its fundamental composition is represented.
● Characterize Jupiter as a key representative
of planets being detected around other stars.
● Probing to extreme temperatures

It

Solar Probe
c F.xplore the source of the Sun-Earth connection.
. Origin of Solar Wind and Coronal heating.
● Extreme heat, thermal range, and chul[enging

h’ucleus Sample
. . --, ‘,.

Wabwmu--’.a.’ll

II measurements near Sun. m II

Return
Q Return pristine comet nucleus
material to Earth.
● Acquire detailed in situ sample
context measurements.
● Sampling system, sensors,
autonomy, solar-electric propukion,

RLSISC’BIR AW 97(IM,

— _ _ _ _ . . __



J~L Comet Nucleus Sample Return

on spacecraft path

Comet Rendezvous

Earth Return
Launch +7. I yr.
v“~ =10.06 kds

ad~- ---~ L.A

4!lr(Science Mission) ‘ ‘
Science Ob.iectives

Incrcasc unclcrs(ancii  ng of early Solar Sys[crJI
composition.  po[c[)(i;ll sL)tII”cc 01” l{; Ir[l I (>r::;ll]i~.s/

Vola(ilcs.

Acqufrc sal]l~)ic(s)  [’roll] > I si[c(s) (JI1 tI c(JII]c[.

I“cturn [() Ekllh.
●  ‘“rota] 200g
● Samples scalcci and maintained< 300 K
● Stratigraplly preserved
● In situ analysis of volatilm

Key Technologies

● Relics on Champollion.
● Advanced SEP and solar arrays.
● GN & C for rendezvous, landing,

sample retrieval.

l~and!ing, prcscrva[iotl.● Sample acquisition, .

Mission Concept

● Delta II Launch.
● Solar Electric Propulsion out and back.
. 7 years for launch to Earth return.
● Lander similar to Champolfion.
. Sample retrieval via tether or rendezvous.

R(VR 1.S/S(’11 Q7f0313  I



Outer Solar System Exploration
Europa Ice

Breakthrough Science and Technology: Lander

T
● Soft landings on icy moons,:<,$&”+  ~~w~~ ? t , ~.

%+6
@ – Chemical analysis of surface material,.

– Seismic and geophysical studies?3.s+?
– Demonstration of thermal penetration

c 10 kg lander containing prototype miniature
lab and thermal package

● Slow melting through ice.. fiber optic link to
surface antenna

.,, ,<,
., ----,,., . .

<’ -. +“::.<:.  ‘. . ,,.. .,K\f ,,,: .,. > ,.’:;, ,’
. . . ,’ .- ..;>... .>”., ., ; .,.- -.. . . ,:6. ‘.,:.:.:
,,., ‘*“ “ ‘+%  ‘

Melt Path

● Europa, Ganymede, Callisto
● Similar applications for Mars polar ice caps
● Earth: Exploration of glacial depths and

subsurface Antarctic lakes

71 I

●

●

Breakthroughs in airless body landing,
thermal control, telecom

Initial deployment from Europa Orbiter
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NASA RO’4WAP
Leac?ing
Tec!mologies

Rev. 9.27.96

I.etidin: Technologies:
Power for Small Vehicles and Spacecraft

All Components Exist... Integration and validation Required

Small photovoltaic  b l anke t s  for s u r f a c e .-.
ro}ers ancl l a n d e r s /“’”-, /),: ---\d, ~

Shock-resistant  small  arrays for
penetrators

Slide 10 of 17

Extreme temperature batteries
.  Prilll:[l”y/scct)17{l:lrv  ba[tcrics opcrotion:l]

a( -100 de:c (Colilpmxl [0 -20 df+c
tod,:l)”  )
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Advanced Radioisotope Power Sources
PRIM lhdkndogies ~
New heat wwwe ~
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Solar Electric Propulsion (SEP) for Outer Planets

● SEP enables Comet Nucleus Sample Return (CNSR)
● Options being carried for Europa and Pluto; benefits and costs will continue to be weighed.
● Further term technology options will be considered for Solar Probe (e.g. more advanced SEP,

solar sail).
● Continuing to explore tradeoffs

Europa Orbiter
with SEP Module
in Delta Fairing

biter
on-

● There are many other missions for which SEP is enabling or enhancing.

HWP, RM, 97(M01.vIg,  97IW1O



TRENDS IN NASA/GSFC
SPACECRAFT PROGRAMS

● Future GSFC in-house spacecraft to focus on technology
demonstration for earth science and space science missions

● More science missions implemented in “PI mode” (principle
investigator is prime contractor and subcontracts for spacecraft bus)

● Most new space science missions on small spacecraft with short
development phase and tight budget constraints on power system

● Most science missions operated in low earth orbit with emphasis on
power system life cycle performance

● Selected science missions operated in geosynchronous orbit or at
the libration point with emphasis on power system efficiency
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FOCUS OF NASA/GSFC
SOLAR CELL ARRAY ACTIVITIES

● Development of composite modular solar array to shorten schedule
for small space science spacecraft

● Utilize modular solar array on small space science missions to
provide inflight testbed opportunities for new solar cell technology

● Infusion of high efficiency multifunction solar cell technology to
reduce area and weight of GSFC spacecraft

● Continued improvement of light weight flexible photovoltaic
blankets for high power applications
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FOCUS OF NASA/GSFC
ENERGY STORAGE ACTIVITIES

ii
II
,,

● Development of lithium ion technology for space science missions
that operate at the libration point

● Development of flywheel technology for energy storage and attitude
control to use on advanced geosynchronous weather satellites

● Development of nickel metal hydride technology for space science
missions in highly eccentric orbits

● Continued improvement of long cycle life batteries for low earth
orbit space science and earth science missions
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FOCUS OF NASA/GSFC
POWER MANAGEMENT AND DISTRIBUTION

ACTIVITIES

● Surface mount technology and high frequency regulation to reduce
weight and size of electronics

● Solid state power controllers to eliminate relays and fuses

● Backplane and plug-in modules to eliminate internal harnessing

● Microprocessor control module with most functions in software

● Reconfiguration of modules to meet unique requirements from
mission to mission
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